We describe a new method for analyzing the brightness wave which accounts for the temperature-dependence of the secondary peak, provides a different interpretation of the enhancement effect in ac + dc and gives a more detailed analysis of the spectral composition of the different harmonic components.
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We describe a new method for analyzing the brightness wave which accounts for the temperature-dependence of the secondary peak, provides a different interpretation of the enhancement effect in ac + dc and gives a more detailed analysis of the spectral composition of the different harmonic components.
An electroluminescent cell excited by a synusoidal electric field, emits a brightness wave which, when analyzed at the oscilloscope, presents the following characteristics:
1) the frequency is generally twice the excitation frequency;
2) the amplitude of two consecutive peaks may differ;
3) along with these so-called primary peaks, one observes generally smaller secondary peaks; 4) a constant emission is also present.
Of these characteristics, that of the secondary peak has received the most attention. DESTRIAU 1 was the first to observe that it may appear either during the ascending or the descending part of the primary peak. The same author later reported that an increase in voltage may cause the secondary peak to shift from the descending to the ascending part of the primary peak 2 ' 3 . CINGOLANI and LEVIALDI 4 observe that in the enhancement effect due to ac + dc, the secondary peak is at a minimum for R = /?max » where n dc (ßac + ßdc) j3ac, #(lc, and ßac + dc are the brightnesses when the cell is excited in ac, dc and ac + dc respectively. Other authors 5-7 report the disappearance of the secondary peak also when the phosphor is irradiated with ultraviolet. ZALM et al. 8 , and HAHN and SEE-MANN 9 have shown that, if one varies the temperature, the secondary peak may appear and disappear more than once: the authors attribute this to electron trapping at variously deep levels. HAAKE 10 , in an analysis based on the combination of two effects (trapping and the electric polarization of the crystal), shows that one can establish the trap depth by correlating the excitation frequency to the temperature corresponding to the maximum of the secondary peak. These measurements are in good agreement with thermoluminescence measurements.
Several authors have found that the spectral composition of the primary and secondary peaks is different. DESTRIAU had already pointed out this difference, without attempting any explanation. Other authors 8 ' u ' 12 find that the secondary peak has a larger amount of green emission than the primary peak. ZALM 13 , as well, attributes the secondary peak to electrons coming from the traps.
Experimental Results and Discussion
We undertook to study the brightness wave by means of a different apparatus from that heretofore used for this purpose. The brightness wave was analyzed with a B r ii e 1 and K j o e r type 2107 frequency analyzer. We find that: 1) the secondary peak is associated with a frequency four times that of the excitation frequency v;
2) the primary peaks have a frequency twice that of excitation;
3) the asymmetry of the sucessive primary peaks appears as a frequency equal to that of excitation. These findings may be seen in the photographs that make up Fig. 1 . The whole brightness wave is shown above; in the middle we have the same wave with the frequency component 4r removed from it. As one may see, the secondary peak has almost entirely disappeared (the remainder is due to the limited frequency rejection of our instrument). Below, the same wave is shown with the frequency v removed. One sees that in this case the difference in amplitude between primary peaks disappears.
We have also analyzed the enhancement effect for ac + dc and have found that, contrary to what has been reported previously 4 , the secondary peak does not diminish but is simply masked by the growth of the v component. In ac + U.V., also, the disappearence of the secondary peak is only apparent: SCHANDA 14 in a study of photoelectroluminescence in ZnS powders, reaches the same conclusion.
In order to distinguish more clearly the three principal components of the brightness wave, we carried out measurements to determine the dependence of these components on other independent parameters such as temperature, voltage, excitation frequency and the emission wave-length. These measurements were made on variously activated ZnS powders, on mixed powders of ZnCdS(Mn) and on ZnS(Cu) crystals: in all these materials we found a secondary peak as component 4 v. The emission spectra were analyzed with a H i 1 g e r model D 285 monochromator. where B is the brightness, A and b are constants and V is the applied voltage. However, we observe that the slope is not equal for all; the magnitudes shown in Fig. 2, i. e., By., B2v, Biv, are respectively the brightness corresponding to emission frequencies v, 2 v, 4v. Fig. 3 shows the variation of these same components as a function of the frequency, and Fig. 4 provides proof that the secondary peak is close to zero only for temperatures around 173 °K. Fig. 5 illustrates the Bh./B2v ratio as a function of the temperature. As one can see, two peaks are present and this leads one to think that, in agreement with several authors 8 ' 10 ' 15 , the secondary peak is correlated to the traps. All temperature dependence measurements were carried out on a ZnS(Cu) crystal.
The difference in spectral composition between the primary and secondary peaks, reported by several authors, shows up clearly in our experiment if one analyzes the frequencies. Fig. 6 shows these spectra for an electroluminescent cell with a blue-green emission.
In this same figure one notices that the blue content is smaller in the Bv component than in the ß4V, as was also found by SCHANDA 16 . Since the asymmetry, shown up by the frequency v, is present also in intrinsic emission, that is, with electrodes isolated from the crystal, one must conclude that it does depend not only on the difference between electrodes but also on the asymmetry of the crystal itself.
The experimental method used here appears to be unambiguous in that:
I) it provides a clear definition of the secondary peak, II) it enables the spectral analysis of the harmonic components, III) it suggests a different interpretation of the enhancement effect, in which the flux of injected electrons increases while the effect of the traps on the secondary peak does not vary, IV) it points out the true temperature-dependence of the secondary peak. 
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